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The  effect  of  heat  treatment  of  a  lumi  nium- borosilicate~glass~  — - - 

fibre  on  its  strength  (in  the  range  of  temperatures  between  50  and 
500°C)  was  investigated.  .’i  tb  the  aid  of  metliods  for  the  study  of  the 
surface  ( low- tempera ture  adsorption,  mercury  porometry)  it  was  found 
that  tlie  direct  cause  of  the  sharp  decrease  in  the  interval 

t  =  200-30fl**C  appears  to  be  the  formation  of  relatively  coarse  defects, 
i.e.  cracks. 

On  the  basis  of  mass  spectrometric  meaBurements ,  and  also  NMR 
spectra  investigation  of  11^^  nuclei,  it  was  assumed  that  the  formation 
of  defects  on  the  surface  is  associated  with  the  chemosorption  of 
atmospfieric  oxygen  on  coordinatively  unsaturated  centres  of  the  surface. 

The  sharp  drop  in  the  strength  of  silicate  fibres  during  heat 
treatment  in  the  temperature  range  3oO  to  600°  has  received  attention  from  many 
workers  since,  on  the  one  hand,  the  solution  of  this  problem  has  an 
important  practical  significance  because  many  industrial  articles  from 
composite  materials  are  operated  at  high  temperatures  and,  on  the  other 
hand,  the  nature  of  the  physical  mechbnism  of  weakening  is  closely 
associated  with  the  problem  of  the  structure  of  glass. 

Numerous  studies  have  been  publislied  in  which  researchers 

investigated  the  strength  of  sheet  glass^^\  and  also  of  quartz^^^  or 

( 3 ) 

glass  fibres  of  various  compositions  treated  in  the  range  of 
temperatures  between  100  and  800**C  (see  also  review  studies^^^). 

However,  despite  the  large  number  of  studies  devoted  to  this  problem, 
there  is  no  universally  accepted  theory  of  the  mechanism  of  processes 
wliich  occur  during  heat  treatment.  In  the  present  study,  we  describe 
certain  experiments  directed  towards  clarifying  this  problem. 


aluminium-  borosilicate 


Th«>  puhject  of  tho  invostipation  vas  industrial 

Ofiilss  fibre  with  a  mean  diameter  of  6,5  ^ 

2 

and  average  strength  of  250  kg/inni“.  The  heat  treatment  of  specimens 

was  carried  out  in  a  muffle  fxirnace  which  made  it  possible  to  maintain 
the  temperature  of  up  to  700^*0  with  an  accuracy  of  -  10^.  The  duration 
of  the  lioliiing  time  at  the  given  temperature  was  1  hour. 

The  tensile  strength  of  initial  and  of  heat-treated  specimens 
was  determined  using  standard  methods  under  atmospheric  conditions.  The 
l('ngth  of  the  investi  anted  specimen  was  in  all  cases  identical  and 
amounted  to  10  mm.  The  rate  of  the  loading  was  always  constant  and  equal 
to  0.5  g/sec.  besides  the  average  strength,  we  also  measured  the  modulus 
of  elasticity  IJesults  of  the  measurements  of  mechanical  properties 

are  shown  in  I’ig.  1,  a. 

The  diameter  of  the  fibres  was  determined  with  the  aid  of  MlilI-6 
microscope  and  the  eyepiece  of  MOV— 1—15  micrometer  at  a  magnification 
of  ()00.  This  method  secur<'s  an  accuracy  of  measurement  ot  ^  3  .  More 

accurate  results  are  obtained  by  the  interpretation  of  diffraction 
patterns  of  scattered  light  for  individual  glass  fibres^'^^.  In  these 
measurements,  ns  a  radiation  source,  we  used  an  LG-35  laser.  Results 
calcnlated  from  data  acror'ing  to  the  light  scattering  had  an  accuracy 
of  -  0,0()  i.e.  -  1  '  ,  The  magnitude  of  average  '’iameters  in  the 
initial  fibres  obtained  by  both  methods  practically  coincided.  The 
determination  of  the  i!iameter  of  the  heat-treated  glass  fibre  was  carried 
out  only  on  the  basis  of  light  scattering. 

The  value  of  the  specific  surface  of  the  fibre  Sq  was  determined 
with  the  aid  of  low- tempera ture  adsorption  of  nitrogen  according  to  the 
Ih.r  mi'tliod  lor  the  calculation  of  we  used  for  the  surface  areas 

of  the  nitrogen  molecule  the  values  13.6  A2  for  hydroxylated 

1)  lor  the  investigation  of  the  adsorption,  we  used  a  beam  scales 
with  sensitivity  of  1,H»10“^’  g  , 
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(up  to  300  C)  and  dehydroxylated  (between  300  and  600  specimens 

respectively^^^ ,  Uesults  of  measurements  of  the  specific  surface  are 

shown  in  Fip.  2.  In  the  same  Fig.  is  shown,  by  a  dotted  line,  the 

value  of  the  geontetrical  surface  jT  the  initial  fibre  Sq  calculated 

from  the  mean  value  of  the  diameter. 

For  the  investigation  of  defects  on  the  surface  of  glass  fibre 

mercury  porometry  was  used.  The  possibility  o  i'  using  this  method  for 

checking  the  structure  of  the  glass  fibre  surface  was  explained  in  our 

( 7 ) 

study'*'.  The  results  of  measurements  are  shown  in  Figs.  2  and  3  • 

For  the  investigation  of  conversions  which  occur  during  heat-treat¬ 
ment  of  the  glass  fibre,  we  used  NHR  for  ^  nuclei  which,  as  is  well- 
known,  made  it  possible'  '  to  trace  the  changes  in  the  number  of  BO/j 
and  BO-j  groupings  in  boron-containing  glasses.  The  method  for  measuring  ] 
and  processing  experimental  data  was  described  earlier  in  our  studies^^* 

The  results  of  measurements  are  shown  in  Fig.  4, a, 

[-valuation  of  the  results 


Data  shown  in  Fig.  1,b  pertaining  to  mechanical  properties  of 
aluminium-  boiosilicate  glass  fibre  indicate  that  specimens  subjected 
to  heat-treatment  for  one  hour  undergo  practically  no  change  in  strength 
at  temperatures  up  to  200®C.  The  heat-treatment  at  more  elevated 
temperatures  leads  to  a  sharp  decrease  in  strength.  The  modulus  of 
elasticity  !■[  of  the  investigated  specimen  remained  practically  unchanged 
in  the  investigated  range  of  temperatures.  Similar  relationships  were 
obtained  bv  several  authors  for  different  types  of  glasses  and  fibres 

/  0  \ 

(see  e.g.  studies'"’  ')  . 

The  oljserved  changes  in  properties  were  explained  as  being  due  to 
various  causes:  a)  Structural  reorganisation  inside  the  fibres;  b) 
Surface  crystallisation;  v)  N'on-identica  1  heat  expansion  coefficients 
of  the  surface  layer  and  of  the  bulb  of  the  glass;  g)  Fffect  of  foreign 
inelu- ions  on  the  surface'  d)  Dehydration  and  brittleness  of  the 
surface  layer^^^. 


In  of  <H  f  f  ort’iicos  in  tbo  l,roii  tinrn  t  of  those  experimental 

results,  most  reseiirch  workers  c.itin*  to  tlie  eonrlu-ion  that  the  sharp 
decrease  in  the  slreni’th  of  '/lass  fihre  iitine  h  e  .1 1  -  :,rea  tmen  t  was  caused 
by  the  developn'  of  iirf..ii  di  li-cts  ( -'i  i  c  r  oc  r  ■  <  k  “  ) ,  ),y  expi'riments 

involving  treatm'-nt  ol  .1  I  i  hi  e  weakened  hy  the  hear  effect  in  solut  ions 
of  hy  ii  r  o  I' 1  n  o  r  i  c  arid,  ii  was  shown  that  it-  simi/tli  can  he  s  i  (rni  f  i  cf'ntly 

increased  and  hioni’il  *0  a  level  whirii  i  1  iia  ra  c  1  r  i  s  t  i  c  of  /lass  in 

tiia  !'  n  i  t  u  lie  (  a  r  c  o  rd  1  ■"  to  '  .  M  .  '  a  1  ti  iie  v  '  s  classification^  ^  ^  )  . 

7n  I'i.',  l,h  .e  ,0  ,  dale  .1  the  ireii/th  ,>  (  litres  subjected  to 

heatine  at  i  I  ]\  -n  ■  nh  e<|iien  1  1>’  treated  w  i  t,ll  a  mordant  in  olnt.ions 
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-hows  l.liat  til'  d(rre..-.e  1  a  Inn'lh  i.'in/  heat  treatnn'iit,  in  line  with 
a  s  s  1 1T'/,  li  on  s  in  (In'  a  !■<)  v  •  _ ti  t  1  one  <|  tan'  i  e  s  ,  i  -  a  s  s  oc  i  .1  t  ed  ..  i  th  processes 
on  Its  -.arface,  i'''!-  ;oe,'.  (i.e  .iiielysis  of  the  re-nlts  of  the  inves-t  - 
i  • .  ■  t  i  on  o  the  su  '■  f  ■'  e  '■  owe  in  1  1  .  1.'  is  of  ■  pe  r  i  a  ]  interest. 

The  n.  t'liilnde  ol  (lie  •'erific  -urface  of  the  elass  fihre  Sq  does 

nol  (han/e  creailv  in  the  ren/e  of  teiiperainreB  lieii»een  L!()0  and  T()0*^C 

(  I' i  " . ,  a  )  .  T  n  ri  >in  increase  in  t.he  nrlace  at  temperatures  tietiveen 
■hm  and  “D'l^r  i  peo|,at.ly  a.-  sociated  i  t  li  tlie  release  of  the  riicrc  rcnMij'.rsp 
froii  (ondeii  ed  'i:'  adsorhei'  adrii'tiires.  'ttentioii  was  focussed  on  the 
differi'iice  in  the  ;;m '.111 1  t  nde  rs  olitaiin’d  from  adsorption  measurements  and 
S,]  caNulated  from  rie  a  sn  renieii  ts  of  the  diameter.  This  difference  is 
a  p  pa  ri' 1;  I  I V  e\;  lajneil  e-,  (he  presenc'  on  tiie  s-nrfare  of  the  glass  fibre 
of  a  -\  I  eri  of  mi  e  rode  1  ec  Is  (crack  ,  ri  1  c  r  o  r  on  "h  lie  s  s  )  .  fhe  m  gnitudes 
of  diieoeter  obtained  t  rom  I  1  "lit  sea  t,  I  e  r  1  ng  d.Mii  also  lie  irate  thfvt,  they 
are  not  <!■  :  '  ndent  on  the  t  empe  ra  t.n  r«'  of  the  treatrient  o  the  specimen. 

Thus,  it  can  he  slated  t.liat,  'nriiig  the  hea  t- tre  1 1  me  n  I-  in  the 

i  live  s  ti  ga  ted  range  of  t  e-ipe  r  a  t  tire  s  ,  the  m,  "uitiifle  of  the  s|ierific 
surface  does  not  change  s  i  on  i  f  i  c  a  n  1 1  y  .  Mis  r  oti  >' I  n  s  i  on  is  in  ai/reement 


in  which,  using  a  gas-chromatographic 


with  the  finding  of  stuily'^*"^ 
methofl,  the  effect  of  heat— treatment  was  investigated  (under  identical 
temperature  conditions)  on  the  magnitude  of  the  surface  of  powders  from 
iioron-conta i ning  glasses.  The  authors  louml  that  the  magnitudes  of  the 
specific  surface  determined  l»y  the  heat  -desorption  method  of  argon  did 
not  change  as  a  result  of  the  hea t-trea tinent  of  the  specimen. 

In  i’ig,  2, a,  are  sliown  tfie  results  of  measurements  of  the  volume  of 
defects,  microcrncks,  on  the  surface  of  glass  fibre  as  a  function  of  the 
temperature  of  the  specimen,  obtained  by  the  mercury  porometry  method. 
These  data  show  that  the  volume  of  defects  Vp  changes  significantly  in 
the  range  oi  temperatures  of  up  to  200*'c  hut  increases  greatly  at  higher 
temperatures  (between  200  and  500®C),  The  decrease  in  the  volume  of 
defects  observed  at  t  =  hOO^C  is  obviously  associated  with  the  commence¬ 
ment  of  tlie  process  of  sintering. 

Therefore,  after  heat-treatment,  data  of  m'rcury  porometry  directly 
in'icate  that  the  in-'irect  cause  of  the  sharp  decrease  in  strength  at 
temperatures  above  200°C  is  the  development  of  a  system  of  defects, 
cracks,  on  the  surface.  In  Fig,  2,b  is  shown  the  dependence  of  the 
strength  of  the  fibre  on  the  magnitude  of  the  volume  of  defects.  It  is 
found  that,  beginning  with  a  certain  critical  value  Vp  2, 10"^  cm~5, 
the  value  of  ^decree  ses  sharply.  However,  tlie  dependence  ^  =f('Vp) 

•loes  not  yet  permit  the  determination  of  precisely  which  defects  are 
responsible  for  the  decrease  in  strength. 

For  the  solution  of  this  problem,  it  is  essential  to  examine  the 
histogrftms  (porograms).  Curves  of  the  dispersion  of  the  volume  of 
defects  accor  ing  to  sizes  (with  a  reminder  tliat  the  characteristic 
size  a  in  the  given  case  appears  to  be  the  effective  width  of  the 
crack^^^)  show  that,  hiring  heat-treatment,  not  all  groups  of  pores 
change  uniformly.  This  is  shown  in  Fig.  ^  where,  on  the  axis  of  ordinates 
is  plotted  the  increase  in  the  volume  of  defects  i^Vj  in  the  determined 
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interval  of  i  ons  a,  IHTtaininp  to  the  eorresponiHng  magnitude 

{  fof  the  initial  fibre  and,  aloiu':  the  axi?  of  abscissae,  the 

temperature  of  hea  t- 1  I’ea  tnien  i'he  ovi  ra  1  ]  ranire  of  dimensions  a  was 

c  on  I  i  t  i  f)na  ]  ]  y  ivideii  into  three  irroups;  nicropores  (tnti.een  25  and 

100  A),  i  iiterBcd  i  .1  te  (  100— ’I'M)  \)  f»n  I  mticropores  (400—3500  A),  An 

analysis  of  the  result-  ‘^^houed  th;it  A  v  j ,  (  <^^v  j  j  ^  is 

pr  ;i  c  t.i  cii  1 1  y  ittd,  pi-ndeiti.  of  the  tempertiture  (not  '^hown  in  Fig.  3) 

llie  voliimt'  o!  tiirro  and  m.'i  c  rode  f  (' e  t  s  depends  on  the  temperature 

of  till'  treatment.  'I,-  Aoiume  of  mirropores  depteases  soi'iewnat  with  tm 

inere.ise  in  Letupe  ra  m  re  lenrve  1  in  i  ie,  3)  if  the  volume  of  raacropores 

increases  .‘-evir.il  Limes  i  i  t  )i  an  increase  j  n  tlie  temperature  of  heat  - 

treatmeTit.  \  pt' r  i  i  en  1  .i  r  1  v  a;  rti  tiicretise  is  observed  at  temperatures 

o 


v>,, 


of 


h.  t'.oon  2I10  ,  4o;i  t  ,  where 
the  initial  s  pe  c i rae  n  . 

It  i  •-  pointed  out  tliat  tilt'  iisufi)  surface  of  the  glass  fibre  can 

in  the  nroeev-s  remain  ti  nc  ba  n  ged  .  since  th.'  Cii  ndamen  t  a  1  contribution  to 

is  made  b\-  r  i  c  ronore  s ,  tbe  volume  oT  whjcli  d,  creases  sliirhily  with  an 
jnere  ISP  in  li'mnei  lure.  '  n  the  other  hand,  (he  sharr  inerease  in  the 
volume  of  macroi'orcs  (  tlu-  cont  r  i  bu  i  i  on  oi  ubirh  to  S„  is  insignificant) 

increase  in  (  i  a’ipe  ra  ture  to  all  apoearances  somewhat  compensates 

•"for  the  decrease  in  surlaee  aec.iusp  of  (lie  "s  inning  over  "  of  micro- 
pores  in  'iicli  ;  way  a--  to  piaKc  iiiuli  inged  ■  i  t.h  i  n  the  limits  of  the 

a  1  1  II I  a  ry  of  "ii’  a  u  r  ei'ii  i  t.s  ,  I  h  'i  s  ,  an  a  na  I  v-  s  i  s  o  1  (die  re  s  i  1 1  s  of  mercury 
poiomi'iry  -bows  that  the  inerease  in  volume  of  dcferts  during  heat  - 
treatment  at  t  ^  :’<ii|  i  pi  i  larilv  orcnrs  beraiiie  of  t,he  appearance  of 
rel  alive  tv  rnarse  reari  -  wliicb,  jn  fact,  leails  to  the  derrease  in  the 
■-trepirfi)  III  (lie  glass  fibre. 

'  i  t  li  (he  aid  of  \  P  --ertra  on  li  riuelei,  we  showed  in  studies^ 

*  ''it.,  'Ufing  the  ’'ea  I -( I  re  (  meiip  „f  a  1  iim  i  11 1  nm- laoro  si  1  ica  te  fibre 

in  till  temperature  rauee,  -  hie.!,  is  of  iuteresi  t,n  us,  n  -liange  occurs 

in  the  eoori;  1  n;  I  ion  nu-glier  of  boron  ranspr)  by  the  d  onoi -ar  i  ep  t  or 


interaction  of  atmosphi'ric  oxygen  with  the  surface  of  the  glass  fibre 


at  temperatures  of  between  200  anil  500°C.  Fleflecting  this  process, 

the  dei'enilence  of  the  number  of  1)0;^  (^i,)  proups  to  the  number  of 

110-  (N-j)  groups  on  the  temperature  of  the  heat-treatment  is  shown  in 

Fig.  4, a;  in  Fig.  ^i,l)  is  given  the  depenrt'nce  of  the  aiaount  of  oxygen 

C  absorbed  by  the  fibre  on  the  temperiTture . 

On  replacing  air  by  inert  gas  (argon)  in  the  ampoule  used  for 

heat-treatment  of  the  fibre,  the  value  N4/N-5  decreased  significantly 

in  the  range  of  temperatures  between  200  anil  ^OO^'c  (ciirves  2  in  Fig. 

*i,a).  Conclusions  derived  in  studies^  ^  ^  ^  permit  us  to  assume  that 

the  reduction  in  strength  observed  in  the  experiment  and  the  increase 

in  the  volume  of  defects  are  associated  with  the  interaction  of  the 

surface  of  the  glass  fibre  with  atmospheric  oxygen.  To  clarify  this 

relation,  we  carried  out  a  series  of  experiments  in  vacuo  (at  a  pressure 

of  0.1  mri  mercury  column)  and  in  an  atmosphere  of  argon^. 

The  average  strength  of  specimens  heat-treated  in  argon  and  in 

vactio  (curves  2  and  in  Fig,  1)  was  f'uind  to  be  much  higher  than  for 

those  heat-treated  in  air  (curve  1  in  Fig.  l).  An  investigation  of  the 

surface  with  the  aid  of  mercury  porometry  showed  that,  for  fibres  heat- 

treated  in  argon,  the  usual  volume  of  defects  depends  slichtly  on 

temperature  (l’ig,2,h),  v.iiilst  the  relative  volume  of  microdefects 

decreases  more  strongly  and  i£^v(  400-3500 ),  -^  (  ^00_3"(00 )  o  increases  with 

temperature  to  a  m\ieh  lower  extent  than  for  specimens  heat-treated  in 

air  (see  curves  2, A  and  1,3  in  Fig.  3)»  data  for  specimens  heat-treated 

in  vacuo  oceupy  an  intermediate  position  (curve  5  in  Fig.  3  )• 

fhus,  results  of  the  investigation  of  the  fibre  surface  treated  in 

argon  aiid  in  vacuo  are  iull'"  correlated  with  data  inr  the  strength, 

roniirming  the  earlier  expressed  assumption  about  the  effect  of  atmospheric 

oxygen  (ill  which  it  i-  usual  to  carry  out  the  heat  treatment)  on  the 

1.  ;  or  the  test,  we  used  argon  brand  "pure  ",  l  ithout  any  particular 

purification.  .‘lass-spectroscopic  analysis  showed, however, that  the  gas 
we  used  contained  detectable  admixtures  of  nitrogen  and  oxygen 

(0.5  and  0.4%  respectively). 

J 
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“  t  ronnrth  of  alaas  fiiiri'.  Ilesults  wo  obtained  (l''io;fl.]a,  2b  and  3) 
confirm  that  oven  hphi  1  I  aiionnts  of  oxycccn  (admixtures  in  Ar,  insuffic¬ 
iently  ttit'h  vacuum  )  can  loatl  to  a  visiiilc  re''u<  tion  in  strenirth  ihiring 
t’.e  liea  t  -  tre.'i  ten  ri  I  of  ir|e-t;  fil)r<'  (  at  t  1  , 

I  ti  aerce:  (ml  wi  I  !i  sttiily^^\  two  types  of  processes  occur  during  the 
h('.(  t  - 1  rea  tmoii  t  of  t  '•  t'lnss  fibre.  In  the  fir‘-t,  a  transition  of 
structural  elements  of  the  fibre  into  an  e(!u  i  1  i  b  r  i  lira  state  takes  place 
wliicli  i  (  ha  ra  c  t  (' r  i  s  t  i  c  of  hulk  glass  and  is  accompanied  by  an  increase 
in  density  aii'i  by  a  rciMiction  in  the  sireiigtdi  of  the  liond  between 
-truclural  groups  ol  the  glass  liecause  o  1'  v.iriations  in  temperature, 
fhis  nroci'ss  leads  to  a  monotonic  decrease  in  strengtb  as  a  function 
of  t.h('  (’nr.'tion  of  hen  t- 1  r  ca  t,m(' ii  i  ,  In  the  seeond,  hiring  operation  of 
t.he  h(n.  ( -  t  rea  L’leii  I  in  an  o  \  y  ■■(.|i-e  on  ti  ining  inediiira  (e,(r,  air)  at  temper¬ 
atures  aliove  ;.’on*^C,  the  ;tirfiiee  of  th(*  glass  fibre  chemiciilly  absorbs 
oxv-'cn  li’i'ing  to  a  ehange  in  the  sn  r  ronn  ’  i  ngs  of  th('  ronrdi  na  ti  vely 

n  n  -  ii  in  r  1 1  ed  iitnn-,  i.c,  boron,  ii  1  nrai  n  i  nra  an’  .also  (areor.  ing  to  certain 

(  1  "  )  ,  .  ,  ^ 

c  nmi  in  n  1  ca  t  1  on  s  si  lieon. 

h.ata  at  iilahlc  in  th('  litetniturc  in’iciite  tlmt  iu'ditions  of  boron 

and  aluminium  i  ri  tr  oduceil  into  i  1  i  c.a  glass  aru’  s  i  1  i  c.a  impart  sharply 

expressed  c  !i  (Uio  -  o  r  t)  t  i  ve  ;>  i  oiie  r  t.  i  es  with  respect  to  moli'culcs  able  to 

(  ]  /, ) 

ent.er  into  a  c  o .)  r  i’ i  na  I  i  on  bond  ',  Tlie  presence  of  chanosorptive  gas- 
—  accentor  r'.oleiules  i  -  houmi  to  lei'.d  to  ->  deformation  of  i  n  t.ramo  1  ecu  1  a  r 
bonds  in  the  siirfaci'  l.iver  *  an’,  c  on  s  e(|  nen  1 1  y ,  produces  a  stressed 
slate  o  t'  the  snrfiice.  Since  it  seoris  Ltuit  tlie  seat  of  the  loc.ition  of 
oyvgen  .ippeiirs  ( o  eimt.ain  the  most  .ictive  portions,  i.c.  the  surf.aces 
of  r  r.a  c  k-(!  e  f  e  r  ts  ,  rupture  of  molecular  bonds  can  be  ('xpected  espi'cii'lly 
in  these  areas  i.nd,  c  ons  epnen  t  ly ,  tlie  development,  of  the  voltimi  of 
lie  fee  ts  , 

ibvionsly,  ae  op;)o^it^■  pioces.s  of  re'htciiig  surface  stresses  is  .also 
oossible.  or  that,  obviously,  it  is  esseutiiil  to  remove  the  cheno- 


sofiilive  ovyaen  from  the  s|j|.f:,ce  or  replaro  it  bv  liydroxyl  grotips. 
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As  is  well-known,  trentment  of  the  surface  by  solutions  of  hyflrof luoric 
acid  leads  to  tlie  recovery  of  the  strenc:th.  Data  obtained  in  the  present 
study  show  (j’iy.l)  that  the  ei'fect  of  reinforcement  is  the  f;reater  the 
more  ■’!  luted  the  !!i’  solution  (treatment  ia  a  O.O'.l  '■  HF  increased  ^  up 
to  220  ka;/mm^  whilst,  using  a  O.'j  ;  IIF,  we  only  succeeded  in  attaining 

O 

170  kg/mm'").  'ioreover,  the  treatment  of  a  fibre  heat-treated  in  air 
with  distilled  w'ater  also  leads  to  a  sharp  increase  of  the  strength  up 
to  a  level  200  kg/mm".  A  similar  effect  was  observed  in  study'  ' 
in  which  an  increase  was  observed  in  of  high-strength  heat-treated 

sheet  glass  during  its  treatment  by  water.  The  authors  explained  this 
phe  notnenon  by  the  "plasticising"  action  of  water  on  the  surface  of  glass.  I 

Tlie  observations  made  in  the  present  stuf'y  show  that  the  cause  for 
the  increase  in  the  strength  of  heat-treated  fibres  after  "etching"  is 

! 

obviously  not  so  much  hecatise  of  the  removal  of  the  defective  surface 

(11) 

layer,  as  is  o-en<  rally  assumed  hut  because  of  the  chemical  modific¬ 

ation  oi  tlie  surface.  In  study^^*^^,  it  wrs  shown  that,  during  the 

I 

treatment  of  glitss  fibre  heat-treated  in  air  at  500°C  in  a  0,2  /'  HF, 
the  ratio  of  N/,/N-^  is  visibly  reduced  which  indicates  the  rupture  of 
some  of  the  coordinative  bonds. 

Therefore,  tlie  obtained  results  testify  that  the  sharp  decrease 
in  strength  during  short  heat-treatm<'nt  of  a lumi nium-borosilicate 
glass  fibre  is  not  the  result  of  hi'>-  tenperr  tures ,  but  is  produced 
bv  the  interaction  of  coordina ti ve ly  unsaturated  centres  on  the  glass 
surface  with  the  surrouii'ing  atmosphere  (atmospheric  oxygen).  The 
mechanism  suggested  for  the  redxjction  in  strength  during  heat— treatment 
of  glass  fibre  is  prohihly  taking  place  not  only  in  the  case  of 
a  1 umi n ium-  borosilicate  glass  fibre,  but  also  in  other  silicate  fibres. 

It  is  not  impossible  that,  under  conditions  of  sharp  cooling  during 
the  drawing-out  of  a  rtieul»  fibre,  groupings  of  lower  non— s toichio— 
metric  oxides  of  silico.i  types  of  SiO  chains)  may  form  on  its  surface 
which,  during  repeated  heating-up  to  temperatures  of  more  than  500®C 

•< 
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in  ordinnry  air, 


nay  decompose  by  chancino;  to  8  stable 


atate(Si02) 


(14) 
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ClMTigo  ill  ttn'  stronyrth  itropertirs  of  tin*  rIiiss  fibre  arising  from 
tho  treatnent 

a,  Depondciice  of  tensile  strength  of  mo'lulus  of 

elasticity  E  on  the  temperature  of  the  heat-treatment  t  during  a 
holding  time  of  1  h; 

b,  Dependence  of  tlie  strength  of  t)ie  glass  fibre  heat-treated  at 
t  =  500**C  on  the  duration  of  the  treatment  V  in  solutions  of 
tiydro  f  luoeic  acid  :  1-  0.5  '  HpEo  ;  2-  0.2  ;  ;  3-  0.02  t; 

A-  distilled  HoO;  5-  distilled  IloO;  =  2>i  h 


F>.  'Jeitcndefice  of  the  magnitude  of  the  specific  surface  Sq  (l)  and  of 
the  specific  volume  of  defects  (cracks)  Vp  (2)  on  the  temperature 
of  the  heat  treatment; 

b.  ('Iiange  in  the  strength  of  the  glass  fibre  d"  na  »  function  of  tlie 
spexific  volume  of  defects  Vp  : 

1-Medium  of  air;  2—  Argon; 


3  -  Vacuum 


WOP 


!PP  200  300  HOP  500  600 

t,‘C 

Cliiinge  in  tho  rol,  t,ivo  volume  of  vnrious  rrjoupp  of  dofectp  on  the 
snrfnce  of  Uu-  .1  ««  fibre  Av^/(  Av-)^  as  a  fnnction  oi  the 
temper;)  ture  of  lieat-trentraent 

turves;  1,2  -  for  a  =  2:7  +  100  A,  curves  3,5  -  for  a  =  400  +  3700  A, 
I-  ::efiium  of  air;  2  -  Arjron;  3-  Vacuum 
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.  Chancre  in  tlie  number  of  irroupings  liOi,  (N/j/N-^)  rhii  ing  heat-treatment 
of  dlass  fibre: 

1  -  (.lass  (moiiolith);  2  -  i.edium  of  air;  3  -  Ar^on;  4  -  Vacuum 
,  .\l)sor'' I  i  on  ('  of  o\y"('n  liueinir  heat-treatment;  1-  AHS  elass  fibre; 

-  I  owder  of  'Hr-  rtlass;  3  -  i'owder  of  quartz  plnss 
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